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ABSTRACT 

We list all dimension six SU(3)xSU(Z)xU(l) invariant operators 

which can be used in a phenomenological analysis of deviations from the 

standard model due to a new interaction scale A. Modifications to the 

masses of the W and 2 bosons due to the new interaction are obtained and 

used to estimate a crude lower bound on A. Operators that could enhance 

nonstandard events ape scrutinized. 
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The standard model has enjoyed a remarkable success in explaining 

experimental data, culminating in the discovery of the W and Z 

bosons.[" However, the very same experiments that discover the W and Z 

also provide us with surprises; namely, events that are difficult to 

understand within the context of the standard model. We shall refer to 

these as nonstandard events. They consist of, for exampe, Z+X+x-Y, 

monophoton events, monojet events, and events with an electron and 

associated jets.[2' This may be our first glimpse of the new physics 

beyond the standard model. Numerous suggestions have been made about 

the possible origin(s) of these nonstandard events, c31 none of which is 

particularly compelling. 

In the absence of any compelling model, it would be useful to have 

a model independent parametrization of the new physics. This can be 

done from an effective operator point of view, in the same spirit as the 

classification of baryon and lepton number violating processes by 

Weinberg and Wilczek and Zee. [41 If the new physics is characterized by 

a certain energy scale A larger than the electroweak scale, its effects 

at low energy (small compared to A) can be described by higher (>4) 

dimensional effective operators which are scaled by appropriate inverse 

powers of A. Furthermore, based on the success of the standard model in 

low energy phenomenology, it is natural to attempt to describe all 

physics at energies below A by the (spontaneously broken) symmetry of 

the standard model. We are therefore only interested in effective 

operators that are SU(~)XSU(~)XU(~) invariant. 

In this note we list all baryon and lepton number conserving and 

SU(~)XSU(Z)XIJ(~) invariant dimension six hermitian operators involving 

the scalars, fermions and vector bosons of the standard model. There 
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are no dimension five operators consistent with these requirements and 

operators with dimension higher than six are not considered since we are 

only interested in effects of leading order in l/A. 

Some of the effective operators listed here have been considered 

before.15’ These operators indicate a new interaction scale, not through 

dramatic new processes, c4*61 but through enhancement (or suppression) 

of processes already present in the standard model. Our goal is to 

provide a useful classification and parametrization scheme for future 

phenomenological studies of the possible new interaction. It is not our 

interest here to perform a detailed phenomenological analysis to obtain 

limits on various coefficients associated with some of the operators. 

We simply point out what type of effects one might expect and which 

operators can contribute to some of the observed nonstandard events. 

For instance, there will be corrections to the masses of the W and Z 

bosons, which can be tested in future precise measurements of the W and 

Z masses. 

Before listing the operators, let us define our conventions and 

notations. The operators are divided into seven classes depending on 

whether they contain vector fields only (V), fermion fields only (F), 

scalar fields only (S), vectors and fermions only (VF), vectors and 

scalars only (VS), fermions and scalars only (FS), or vectors, fermions 

and scalars (VFS). Vector fields and their field strengths are Lie 

algebra valued. Thus, 

G IJ” =I, q GE” 1 wuy =,il$ w,; , 

and B ELI are, respectively, the sU(3), SU(2), and U(1) field strengths, 
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and c tj 
pv' pv' and ij uv are their respective duals; 

c 
AT 

PV = : Ep”hr G ’ etc. 

Here ha (a=1 ,..., 8) are the Cell-Mann matrices and oa(a=l,2,3) the 

Pauli matrices. To be explicit, trace over SU(3) indices is denoted by 

Tr and trace over SU(2) indices by 'cr. The covariant derivative is 

defined in the fundamental representation by 

where g 3' g21 and gl are, respectively, the SU(3), SU(2), and U(1) 

couplings. For the fermions, 

Qai = (lz:)and Li = (11) 

denote left-handed SU(2) doublet quarks and leptons, respectively, and 

U" = uaR , ~~ = da B , and E = eB denote, respectively, the right-handed 

u quark, d quark, and electron which are N(2) singlets. SU(3) indices 

are denoted by a, B,... and SU(2) indices by i,j,... The charge 

conjugate of a fermion field I& is $' = $ and has the opposite 

handedness - e.g., C - T u L = cuR is left-handed. The fermions implicitly 

Carry a generation index. We list all operators that exist in the 

general multi-generation case, though some of them may disappear in the 

one generation case due to the anti-symmetry of the fermion fields in 

the bilinears. Finally, 
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are the SU(2) doublet scalar fields and 5 = i o2 $*. 

We now list the dimension six operators. 
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I.) Vectors 
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II.) Fermi0n.s 

q%(~; E)(W) . 

Or’= 
qs 
(F) 

oq = 
ol” 5 

(F) 
06 = 

6’ = 
cf) 0, = 
IF/ c 

O9 

0::; s 
0:: ) = 

(F:, 0 = /z 

[r; lJ”K q 0 
(i-3*)( 54 IL’) 

(zj=& Eye”‘) 
(.g& (J”)( %QBi) 

( &; 
- a*;) 

fJw “p 
- &Pi) 

(Zwi Y&Y -i/C? 
( 4-i ?Jp,o/3 &” > 

(L; E)(T-&ry L2 

g.. ,q L. 7i Lj)( 5, L’,) 
‘J (,-;l*Lj~(~iL;+~i$L?j 

--Q ")(r&g) +4 f!Q 
o;;ls (ztiiLj)(iiQ‘v. f$ Q'di\, 
o,',"'= g ~~~~,~tL"(~~")z~j~~~~I.a:, > 

5ff O=) - 0 I5 = tqy5 A'P( g+QfqfQA; d'j i a, .Qcr;) 
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0 '-= (FE)@E”) )B 

0 cF) 
19 

= l ~?+“,(&E’) 
(FI 0 = to 

c-f ) 
0 ” 27. 

D lF) < 
23 

(3 
(F) 

2cl = 
(F, 

a - zf- - 
(F) 

0x6 =. 

%ff 
pq~pqJfyp=d 

- &J 
-&JB)( F4 Ijp dP 

CV 

%v @& 
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III). Scalars 

Q 
c5) s (&J3 

Jp(j+f/ f?#qj 
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IV.1 Vectors and Fermions 

O;“‘= ;aj’,4 Av&s 

f); v/f/z 
Cap -q Q 

oigf ./ =;uyJ”JgI, 

% cvFL t -jj y/ c;‘gyD 
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gfL i q w+ 
(r/f/ 

09 srZj\d,,W*d& 
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; a Yy c,-lg,a- ~(3~~)~~ 
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o/:‘“= L.Q& y-m 

e-J 
D y$‘= 2 sy+ g”JPv u 

*/8’ (Y i u Yp ss -rq) 
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'.'a) Vectors and Scalars 
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VI-) Fermions and scalars 
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‘II.) Vectors, Fermions and scalars 
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The low energy effects of the new interaction are described by the 

effective Lagrangian 
VFS 

Jr <//” = 2 2 -$ c;7~qy > 

TSV i 

where CicT) are C-number coefficients and A characterizes the new 

interaction scale. Notice that we have not imposed CP invariance and 

have included both CP even and CP odd operators. In particular, 

operators with a field strength and the analogous operators with the 

Correpsonding dual have opposite CP parities. They can, in principle, 

induce CP violating effects and their corresponding coefficients 

(divided by A’) will be constrained by empirical data on CP violation in 

the K’-i?’ system. It is, however, out of the scope of this note to 

perform such an analysis. 

Of particular interest are operators involving only vectors and/or 

scalars. One of the most immediate consequences of these operators is 

the deviation of the W and Z masses from the standard model prediction. 

The operators Oi(“), i = 8,10,11,13, and Oj(“), j=3,5,7,11,12, 

contribute to the W and Z masses through the quadratic terms in the 

effective Lagrangian (2). [SU(2)xU(l) breaking is accounted for by 

allowing the neutral component of 0 to develop a vacuum expectation 

value v/&j. This quadratic Lagrangian is given by 
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2 
(W, ZI 

qti~dt-& = N,!+ 

( aaJ+"- $-W 

+ ; tcy+c,, (vTJ$ ~*=(sdd.) 9 rJ 

From (3) the W and Z masses are found to be 

(3) 

M,L 2 =hv (Pd.) 
J + ++j [2~$~~‘$ s&d(~~~+~~~‘] 

A” 7rd i 

(4s 

+ r/ha& cw&)t .& g$;&aw 
re4 l 3 I”/ 

t v-f) M) / (v(l) 
tc3 a$ c.&/+p c,, ) ,C,Z ,1J ) 
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where MW(std.) a"d MZ(std.) are the standard model predictions of the W 

and Z masses, including radiative corrections, Ow is defined by 

M;(std.)'";(std.) "s2%' = ' 

and a is the fine structure constant. 

To get a" order of magnitude estimate of A, one can llse the 

constraint from the p parameter, defined to be 

% P = 
M;,os*@~ ’ 

(6) 

The experimental observation that p differs from the standard model 

value of 1 by no more than 2% implies, assuming all the coefficients to 

be of order unity, that A > 20 ~~~~~~ ) - 2 Te". This translates into a 

1.5% (2.5%) deviation of Mw (Mz) from its standard model value. This 

can be tested in future precise measurements of the W and Z masses, 

particularly in the Z factory. 

Another interesting possibility arising from the operators 

containing O"lY vectors and scalars co"cer"s phenomena involving the 

Higgs particle. The operators OiCvs), i=3,4,..., 10 , all contain a 

Z-Higgs-photon vertex. If the Higgs particle is lighter than the Z, 

these operators can enhance the decay Z+HY, thereby increasing the Z 

width. The signature of this decay depends on the dominant decay modes 

of the Higgs. In the standard model, it prefers to decay to the 

heaviest possible fermion pair. Thus, depending on the Higgs mass, one 

might see a single photon with a heavy lepton pair, such as T+T-, or a 

single photon with jets. It should be pointed out that the operators 
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O.("'), i=3,4 1 P..., 8 , also contain a H-Y-Y vertex, with a strength 

comparable to (or in some case stronger than) the Z-H-Y vertex. Hence, 

if the decay Z+HY is enhanced by these operators to an observable level, 

so is the decay H+YY. This would give a very distinctive signature, with 

only photons in the final state. Finally, the operators O,("') and 

02 
("S) could enhance the decay of Higgs to two gluons. All of these 

should be searched for in collider experiments. 

An interesting alternative is that the Higgs is heavier than the Z. 

It was pointed out recently that a Higgs with a mass around 150 GeV 

together with a" enhancement of its coupling to two gluons can account 

for some of the observed nonstandard events. c71 

The other operators of immediate interest are those which can 

contribute to the radiative decays of the weak gauge bosons: Z+l+l-Y, 

ZGY ) and W+ IVY. Some of the operators (0 (VF) and 

some (024(VF) and O;:(vFs)j 

014 
(VF)) only 

contribute to Z+l+l-Y, only contribute to 

W+lvY, some (0,9 ("FS), (VFS) 
022 ’ 

and 0 (VFS)) contribute to both 

Z+l+l-Y and W-tlvY, and yet SOme (07~vF~~508~vF~, O,,(VF) and 0,2(VF)) 

contribute to all three types of processes. Thus, depending on the 

associated coefficients of these operators, any of such processes can be 

enhanced. For example, the decay Z+l+l-Y could be enhanced if the 

coefficients C,3 (VF) and C,4(VF) assumed appropriate values. 

In conclusion, we have listed all SU(3)xSU(2)xU(l) invariant and 

baryon and lepton number conserving dimension six operators in the hope 

that they could be used in future phenomenological studies of deviations 

from the standard model due to a new interaction characterized by a 

scale A. A crude lower bound of 2 TeV on A is derived. Operators 

relevant to nonstandard events are pointed out. Interesting processes 
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to search for include Z+HY, H+YY and H+gg. 
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